p38β-regulated induction of the heat shock response by carbon monoxide releasing molecule CORM-2 mediates cytoprotection in lung cells in vitro.
The carbon monoxide releasing molecule tricarbonyldichlororuthenium (CORM-2) displays protective actions like carbon monoxide. The molecular mechanism underlying this effect remains controversial. We hypothesized that CORM-2 mediates cytoprotection via induction of heat shock proteins through activation of p38 mitogen-activated kinase. Embryonic bovine lung cells were incubated with CORM-2. Apoptosis was induced by staurosporine and analyzed by flow cytometry following annexin-V staining, caspase-3 activity assay, and by Western Blot for caspase-3 cleavage. Heat shock response was assessed by DNA-binding activity of heat shock factor 1 and by reporter gene activity. Cells were transfected with siRNA targeting p38 isoforms. Data were analyzed with ANOVA and post-hoc Holm-Sidak test. CORM-2 inhibited staurosporine-induced apoptosis (% annexin-V positive cells: staurosporine = 60 ± 4% vs. CORM-2 10 μM = 48 ± 4%, CORM-2 25 μM=42 ± 5%, CORM-2 50 μM = 40 ± 4% and CORM-2 100 μM = 38 ± 2%, mean ± S.D., P<0.001; caspase-3 activity: staurosporine=92 ± 15 RFUs vs. CORM-2 50 μM=60 ± 14 RFUs, mean ± S.D. P<0.001). CORM-2 induced phosphorylation of p38 MAPK, but not of JNK and ERK1/2. CORM-2 induced DNA-binding of heat shock factor 1 and elicited a 4-fold induction of gene activity (P<0.05). Incubation with the Hsp inhibitors KNK437 attenuated and 17-AAG abolished the anti-apoptotic effect of CORM-2 (P<0.001). p38 inhibition and silencing of p38β attenuated the anti-apoptotic effect of CORM-2 (P<0.05), most likely by abolishing CORM-2-induced HSF-1 binding activity. These findings suggest that CORM-2-mediated cytoprotection is caused by induction of the heat shock response and by p38 activation. Furthermore, the p38β isoform activation may represent an upstream mechanism of heat shock response induction.